The production and distribution of toasted mate tea in Brazil has increased, which has resulted in its greater consumption. Mate tea is obtained by roasting non-fermented erva-mate in order to produce toasted erva-mate or toasted mate tea. However, although the product is much appreciated, studies of its chemical composition and the concentration of polyphenols, particularly flavonols present in toasted mate tea, are few and often controversial. This paper elucidates some misunderstandings involving the nomenclature of erva-mate and toasted mate, and mainly provides an overview of the composition of polyphenols and antioxidant capacity of toasted mate tea and its raw material, erva-mate, in comparison with other teas, the compositions of which were found in the literature.
Mate tea, obtained from toasted erva-mate, must follow the Technical Regulation for Fixation of Identity and Quality of Tea-Plants for the Preparation of Infusions and Decoctions, of the Brazilian Secretary of Health Surveillance, which belongs to the Brazilian Health Ministry [1] . This regulation defines teas as products consisting of vegetal parts (entire, fragmented or milled) obtained by the technological processes appropriate for each species and used exclusively in the preparation of drinks by infusion or decoction in potable water. Therefore, the plants cannot have pharmacotherapeutic ends.
Moreover, the rules for designation establish that when the product is simple, made of Camellia sinensis (L.) Kuntze (Family Theaceae, Order Ericales), the expression ''tea'' must follow the terms "green" or "black". When it is obtained from Ilex paraguariensis A. St.-Hil (Family Aquifoliaceae, Order Aquifoliales), the terms "green", "toasted" or "burned" must proceed the expression "mate tea" [1] . Figure 1 presents the general aspects of the leaves, flowers and seeds of Ilex paraguariensis. Nonetheless, there is no consensus when it comes to the utilization of these expressions, since the words "mate" and "erva-mate" are used in a very general way. Only when the part of the plant that has been utilized and considered as erva-mate is mentioned, can some differentiation be noticed. The situation becomes even worse when these expressions are translated into English. As well as using the terms in a general way, people also add the term "green tea" even if it is clear that the tea source is not Camellia sinensis because I. paraguariensis is mentioned somewhere in the label. In terms of keywords, this might also jeopardize bibliographic research.
Mate tea is obtained by roasting non-fermented erva-mate in order to produce toasted erva-mate or toasted mate tea. Even though the legislation is very clear about the characterization and nomenclature, many authors do not specify the kind of sample used in their experiments, especially concerning industrialized samples acquired in commercial establishments, where erva-mate, mate tea and toasted mate tea can be or are simultaneously commercialized. This ambiguity can be verified in Dugo and collaborators [3] who acquired milled leaves from a Brazilian supermarket without specifying the kind of sample utilized.
Gugliucci [4] is also unclear, since neither the sample used in the experiment (erva-mate or toasted mate tea), nor the mode of preparation (decoction or infusion) were mentioned. Not even the presentation informs if it were a powder, sachet or ready-made drink. Also omitted was the concentration and whether or not sucrose was added in order to attenuate the bitterness of the drink that could be expected before its ingestion by the human volunteers in the biological assays.
The production and distribution of toasted mate tea in Brazil has been widening as well as receiving more attention, which has resulted in increasing consumption. However, although the product is largely appreciated, studies about its chemical composition and concentration of polyphenols, particularly the flavonols, present in the toasted mate tea, are rare and controversial.
Thus, the aim of this review is to study the polyphenolic composition of the tea and its raw material, erva-mate, and also elucidating their contents of total polyphenols and antioxidant capacity in comparison with other teas reported in the literature.
CHEMICAL COMPOSITION
The main flavonols found in toasted mate tea include quercetin and kaempferol as aglycones, and rutin in glycosidal form. While searching for flavonols such as myricetin, quercetin and kaempferol in different kinds of teas commercialized in Brazil, Matsubara and Rodriguez-Amaya [5] did not find any of these phenolic compounds in sachets of fennel, lemon balm, mint, apple and toasted mate teas. In the case of bulk erva mate, the concentration of quercetin was comparable with that found in green (bulk or sachet) and black (sachet) teas, even though kaempferol appeared in low levels. However, no flavonols were found in the toasted mate despite the fact that it is prepared from erva mate. According to these authors, one possible explanation would be the effect of processing on each product, which might have altered their original characteristics and composition. In this way, the roasting of leaves for obtaining toasted mate tea would degrade the flavonols present in the plant.
In her master´s degree dissertation, Matsubara [6] adds to the absence of polyphenols the flavonols myricetin, catechin and theaflavin for both erva mate and toasted mate tea. Nevertheless, the dissertation of Saldanha [7] reports that toasted mate tea contains neither catechins nor theaflavins, but phenolic acids.
Phenolic acids are classified into three groups: benzoic acids (the simplest aromatic acid found in nature, with seven atoms of carbon: C 6 -C 1 ), cinnamic acids (nine atoms of carbon: C 6 -C 3 ), and phenolic acids themselves, which bind to one another, as well as to other compounds yielding new ones (e.g. caffeic acid associated with quinic acid yields chlorogenic acid).
According to Gugliucci and Stahl [8] , the majority of the polyphenolic compounds present in erva mate consist basically of chlorogenic acids. Although erva-mate contains ascorbic acid, its concentration is very low and is not responsible for any significant antioxidant activity. Thus, they suggest that there must be a joint action of polyphenols present in erva-mate given that, when tested in isolation, chlorogenic acid does not present the same antioxidant capacity as that displayed by green erva-mate extracts.
Flavonoids were identified and quantified by high performance liquid chromatography (HPLC) in the aqueous extract of erva-mate leaves. The analyses revealed the presence of some phenolic compounds, namely rutin, quercetin and kaempferol at concentrations of 0.60, 0.031 and 0.012 mg/g, respectively [9] .
TOTAL POLYPHENOLS
The concentrations were compared of soluble solids and total phenolics in aqueous extracts of green tea, and in green and toasted erva-mate after the same time of infusion (10 minutes) [7] . Folin-Ciocalteau reagent was used and the results were expressed as mg of chlorogenic acid (EAC)/g of soluble solids. Concentrations of 726.8 ± 129.3 (green tea), 467.4 ± 13.8 (green erva-mate) and 440.5 ± 16.2 (toasted erva-mate) were found, whereas long times of infusion led to values of 565.1 ± 45.6 (green tea), 437.1 ± 13.7 (green erva-mate) and 490.5 ± 11.4 (toasted ervamate).
However, considering the presented data and the mass of extracted tea, it is possible to conclude that an infusion period of 4 hours leads to larger mean concentrations of total polyphenols than infusion for 10 minutes. In this way, values as large as 148 mgEAC/g (green tea), 148 mgEAC/g (green erva-mate) and 136 mgEAC/g (toasted erva-mate) were found after 4 hours of infusion as opposed to the low values of 12 mgEAC/g (green tea), 16 mgEAC/g (green erva-mate) and 56 mgEAC/g (toasted erva-mate) found after a 10 minutes infusion. Saldanha [7] observed that the extract of toasted erva-mate showed concentrations of total phenols (mgEAG/mL) that were around 350% larger than those found in erva-mate after 10 min of infusion. Soluble solids showed a similar trend. However, this difference was not maintained throughout the four hours of the experiment. Since the toasted erva-mate had been previously submitted to higher temperatures than green erva-mate, the phenolic compounds seem to be more susceptible to extraction in a shorter extraction time, which does not indicate that it contains a large quantity of water soluble compounds.
According to the same author, the concentrations of total phenols in aqueous extracts of green and toasted erva-mate were larger than those found in ethanolic extracts, which is opposite to that found for green tea. These results indicate the presence of more polar phenolic compounds in green or toasted erva-mate, and compounds of intermediate polarity, such as catechins, in the green tea. In the system of inhibition of the beta-carotene/linoleic acid oxidation, the results obtained with aqueous (0.5 and 1.0 mg/mL) and ethanolic (1.0 mg/mL) extracts of toasted erva-mate were larger than those found in extracts of green erva-mate. Therefore, this might suggest that new compounds with antioxidant activity were formed during the roasting process. This was verified in the study of Daglia and collaborators [10] who showed that toasted coffee beans presented a larger antioxidant activity than the raw green beans, even though the latter contained high concentrations of polyphenolic antioxidants.
According to Lima and collaborators [11] both boldo tea (Peumus boldus Molina, Family Monimiaceae, Order Laurales), and toasted and black mate tea contained levels of phenolic compounds that varied according to the infusion time (Table 1 ). In consonance with Asolini and collaborators [12] , the aqueous extract of erva-mate obtained by infusion presented a concentration of total phenols, expressed as mg of gallic acid/g (EAG/g), of 145 mg/g, which is larger than that shown by the ethanolic extract (> 55 mg EAG/g), as well as differing statistically from the other analyzed teas, such as rue, chamomile, artichoke, plantain, mallow, sage, lemongrass and rosemary. In the same study, all samples of aqueous and ethanolic extracts presented antioxidant activities > 84%. Among the studied teas, the aqueous extracts of chamomile, rosemary, erva-mate and mallow presented the largest antioxidant activity (> 97%).
Turkmen and collaborators compared two methods of determination of total polyphenols using water and organic solvents, and toasted mate tea and black tea [13] . No difference was found between the ferrous tartrate and Folin-Ciocalteau methods for the toasted mate tea. However, a significant difference between the two methods was noticed for the black tea. In the case of the toasted mate tea, the largest concentration of total polyphenols was found in the 50% acetone extracts. Concentrations of 132.5 mg EAG/g and 120.4 mg EAG/g were found using the ferrous tartrate and Folin-Ciocalteau methods, respectively. For black tea, the largest amounts of polyphenols were registered for the 50% N,Ndimethylformamide extract (131.9 mg/g and 99.8 mg EAG/g, respectively).
The previous authors also noticed the very high antioxidant activity of the extracts of toasted mate tea in comparison with that of black tea. This may be the result of the large amount of polyphenols found by the Folin method, and to differences in their compositions as toasted mate tea contains a large quantity of flavonoids and simple phenols, whereas black tea contains more complex components called theaflavins and thearubigins, resulting from the oxidation of the simple phenols in the leaves of the green tea.
Enzymatic activity
The extract of I. paraguarienses prepared by decoction showed a high content of polyphenols, expressed in equivalents of chlorogenic acid (107.1 mg/g), in comparison with the extract prepared from the commercial sample of erva-mate (68.9 mg/g). According to Anesini and collaborators [14] , the intense enzymatic activity in the leaves of I. paraguarienses may be related to their high content of polyphenols. Therefore, a positive correlation was established between the level of phenolic compounds in the aqueous extracts and the activity of peroxidase. Caffeic acid exhibited higher activity in the extracts of the leaves of I. paraguariensis and commercial erva-mate than chlorogenic acid, even though some authors believed it was highly improbable that the content of caffeic acid could be responsible for the significant differences in the activity of peroxidase observed in the extracts of the leaves. On the other hand, it is possible that chlorogenic acid, as well as other phenolic compounds, such as the flavonoids quercetin and rutin, participate in the high activity exerted by I. paraguariensis [9] . The presence of other phenolic compounds could also be related to the increased activity of the extracts.
ANTIOXIDANT ACTIVITY
The analysis of the essential oils and the antioxidant activity of erva-mate and toasted mate conducted by Bastos and collaborators [14] revealed that the phenolic compounds present in the infusions corresponded to 26.6% and 22.2% of the total solids, respectively. Both teas presented the same effectiveness when compared with the 654 Natural Product Communications Vol. 6 (5) 2011
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synthetic antioxidant (BHT) in terms of preventing the oxidation of linoleic acid, as demonstrated by the ferric thiocyanate method. This means that, although the roasting phase changes both the profile of volatile substances and the content of phenols in the infusion, it does not alter its antioxidant activity. Moreover, other substances, such as methyfurfural and furfural, must contribute to the flavor and the toasted aroma of mate tea infusion, given that they are formed after the roasting process.
According to Daglia and collaborators [10] , foods can suffer chemical alterations during thermal treatments, in addition to nutrient loss. The reactions of non-enzymatic darkening represent one of the greatest phenomena that may occur during very intense thermal processes. The loss of the antioxidant activity of natural antioxidants (mainly polyphenols) due to progressive thermal degradation can be minimized by the formation of products from Maillard reaction. In this way, the antioxidant properties could be maintained or even increased in the roasting process.
By comparing and relating the concentration of total phenolic compounds in 30 aqueous extracts of plants using various antioxidant tests, Dudonne and collaborators [16] found 202.6 ± 5.2 mg EAG/g of total phenols in leaves of Ilex paraguariensis. In terms of antioxidant activity, the methanolic extracts of the same leaves presented 71.7 ± 1.2% inhibition for DPPH, while either the aqueous or ethanolic extracts, depending on the solubility of the plant, showed 32.7 ± 3.5% inhibition for ABTS, and 5092 ± 314 µmol trolox/g for the ORAC method.
ORAC (Oxygen Radical Absorbance Capacity) [17] [18] , in spite of being the more relevant and significant test, because it employs a radical that is biologically-relevant, demands very expensive equipment and is comparatively not as easy to implement as the other methods. As opposed to other methods, ORAC takes the kinetic action of antioxidants into consideration, which, according to Dudonne and collaborators [16] , might explain the discrepancies in the results.
An inter-laboratory comparison of six methods for measuring the antioxidant potential demonstrated that the DPPH and ABTS methods are the easiest to implement and produce the most reproducible results [19] . Among the 30 plants selected for analysis, the five that showed the greatest antioxidant capacities were oak, pine, cinnamon, carnation and erva-mate.
All the extracts of Ilex spp. and two commercial samples of erva-mate showed antioxidant activity, as well as inhibiting the lipid oxidation of liposomes (synthetic membranes) in the experiments of Filip and collaborators [20] , in which the thiobarbituric acid method was used. For Ilex extract (18.5 mM trolox) and the two commercial samples of erva-mate (18.5 and 11.4 mM trolox), the antioxidant capacity was larger than those of other species of Ilex, which ranged from 1.50 to 7.78 mM trolox.
Similar results were found when the content of caffeoyl derivatives were measured and expressed as chlorogenic acid equivalents. The extract of I. paraguariensis (107.1 mg/g) showed the largest levels, followed by the commercial samples of erva-mate, which showed values of 69.6 mg/g and 68.3 mg/g, while extracts of other species of Ilex presented values ranging from 9.6 to 42.6 mg/g. The study [20] also supported the highly significant correlation between antioxidant activity and total phenolic compounds, which sustains the idea that the caffeoyl derivatives present in the extract are at least partially responsible for the antioxidant activity observed. However, in some species, including I. paraguariensis, the presence of rutin, quercetin and kaempferol, in their free forms and as glycosides, could also be partially responsible for the antioxidant activity observed in erva-mate [21] .
Comparison between I. paraguarienses and green tea
According to Turkmen and collaborators [22] , in the case of the extracts of erva-mate and toasted mate, the content of polyphenols detected in the ethyl acetate fractions (423.9 -473.1 mg EAG/g) was around two times larger than that found in crude extracts (237.2 -256.7 mg EAG/g), although they were lower than the levels found in green tea crude extract (367.9 mg EAG/g) and the ethyl acetate fraction (581.0 mg EAG/g). Besides, toasted mate showed, in many cases, a more prominent antioxidant capacity (14.2 -79.5%) when compared with that of ervamate (11.5 -61.0%). Still, green tea presented even larger results, which are related to its content of polyphenols.
Nonetheless, the antioxidant activity of toasted mate was demonstrated to be more effective than erva-mate in suppressing lipid oxidation in all concentrations. Therefore, this indicates that toasted mate tea had the best response in the DPPH, Rancimat ® and Reducing Power methods due to its total content of polyphenols, and possibly to the substances yielded from the Maillard reaction, such as pyrazines, pyrrole and furans. Although there are distinct differences in the concentrations of the phenolic compounds in erva-mate and toasted mate, the same individual phenolic compounds are found in the extracts of both.
In accordance with a previous study [13] , the quantity of total individual phenolic compounds determined by high performance liquid chromatography in erva-mate (66.7 mg/g) was twice that found in toasted mate (31.2 mg/g), but lower than that observed in green tea (94.2 mg/g).
Concerning the antioxidant activity, Bixby and collaborators [23] , in opposition to Turkmen et al. [22] , showed that extracts of I. paraguariensis presented larger antioxidant activity (0.52) than that of green tea (0.28), when assayed by the DPPH method, as well as a higher concentration of polyphenols (2.9 g/L and 0.9 g/L, respectively). The differences might be caused by the different variety of leaves of erva-mate and of green tea used in this study. According to Turkmen and collaborators [22] , the low quantity of individual in relation to total phenols may be due to the presence of other phenols that were not found in significant concentrations during the HPLC analysis, but which are detected by the Folin-Ciocalteau reagent.
Biological activity of erva-mate: The biological activity of different preparations of green and toasted erva mate is summarized in Table 2 . From this, it appears that several health benefits arise from the use of these teas in either the prevention or reduction of the development of pathologies associated with oxidative stress. Thus, considering these beneficial effects, the consumption of these teas should be encouraged.
CONCLUSIONS
The presence of phenolic compounds in foods and plants contributes significantly to their antioxidant potential. This antioxidant activity of polyphenols is directly related to their structure since they have aromatic rings containing one or more hydroxyl groups that are capable of eliminating free radicals and inhibiting lipid peroxidation. This may contribute to either the prevention or reduction of the development of pathologies associated with oxidative stress.
The roasting process does not cause any loss in the antioxidant characteristics of erva-mate; it actually favors the formation of new substances with similar properties that maintain the antioxidant capacity at a similar level.
The scarcity of results in the literature reveal the necessity for new studies, especially about toasted mate tea given the growth in its consumption in the last years, stimulated by the media and marketing campaigns. Besides, the product represents an excellent alternative to soft drinks for people that aim for a healthier life style because it is rich in natural antioxidants and presents large possibilities for being included and classified in the category of functional foods.
